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Objectives: The principal motivation for regulating medical devices is to protect patients and users. Com- 
plying with regulations may result in an increase in development, manufacturing and service costs for 
medical companies and ultimately for healthcare providers and patients, limiting the access to adequate 
medical equipment. On the other hand, poor regulatory control has resulted in the use of substandard 
devices. This study aims at comparing the certiﬁcation route that manufactures have to respect for mar- 
keting a medical device in some African Countries and in European Union. 
Methods: We examined and compared the current and future regulations on medical devices in the 
European Union and in some countries in Africa. Contextually we proposed future approaches to open 
design strategies supported by emerging technologies as a means to enhance economically sustainable 
healthcare system driven by innovation. 
Results: African medical device regulations have an aﬃnity to European directives, despite the fact that 
the latter are particularly strict. Several states have also implemented or harmonized directives to med- 
ical device regulation, or have expressed interest in establishing them in their legislation. Open Source 
Medical Devices hold a great promise to reduce costs but do need a high level of supervision, to control 
their quality and to guarantee their respect for safety standards. 
Conclusion: Harmonization across the two continents could be leveraged to optimize the costs of device 
manufacture and sale. Regulated open design strategies can enhance economically sustainable innovation. 
© 2018 Fellowship of Postgraduate Medicine. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license. 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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i  Introduction 
A medical device can be described as any means of improv-
ing or monitoring patient health that acts on the body in a
non-metabolic fashion. This wide deﬁnition includes electromedi-
cal equipment, implantable mechanical devices, diagnostic devices,
and even everyday life objects such as band-aids and glasses [1] . ∗ Corresponding author at: Research Center E. Piaggio – Univesity of Pisa, Largo 
Lucio Lazzarino 1, 56122 Pisa, Italy. 
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2211-8837/© 2018 Fellowship of Postgraduate Medicine. Published by Elsevier Ltd. This is
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) Across the world, countries regulate the placement of such de-
ices on the market through legislation that sets the responsibil-
ties of the manufacturers by referring to technical requirements.
echnical requirements are usually made available to the manufac-
urers as documented technical standards or norms. Those docu-
ents provide speciﬁcations, guidelines or characteristics, includ-
ng testing methods and acceptance criteria, for the design and
anufacturing of medical devices. 
Medical device regulations vary greatly across the world, rang-
ng from comprehensive to poor. Moreover, over the past two
ecades, the number, range, and complexity of medical devices hasan open access article under the CC BY-NC-ND license. 
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and frame). ncreased resulting in the proliferation of regulatory documents
nd procedures to encompass these changes. Coupled with this,
he differences in regulations between countries oblige manufac-
urers to prepare a different dossier for each country, which con-
titutes a lengthy and costly process, leading to a disincentive to
edical device companies to sell in some countries. They are also
 deterrent to innovation and the development of new products.
t has been estimated that developing a medical device from the
dea to the market has a cost of around $31 million for a low-to
oderate-risk device, and around $94 million for high-risk prod-
cts [2] . 
The worldwide market for medical devices is increasing, but
ccess to them varies according to the socio-economic and polit-
cal status of each country [3] : around one million patients die ev-
ry year due to the lack of adequate medical equipment [4,5] . Re-
ressing this imbalance is a complex problem, which many African
ations are trying to solve [6] . Promoting international standards
nd streamlining the regulatory process could reduce the legisla-
ive burden, lower costs and remove unnecessary delays to new
roducts reaching patients in Africa. 
In 1992, the European Union (EU), the United States of Amer-
ca (USA), Canada and Japan conceived the idea of an international
artnership between medical device authorities and regulated in-
ustry. In 1993, the Global Harmonization Task Force (GHTF) was
orn with the goal of standardizing medical device regulations
orldwide. The GHTF was disbanded in 2011 and the International
edical Device Regulators Forum (IMDRF) was conceived "as a fo-
um to discuss future directions in medical device regulatory har-
onization". The IMDRF, which includes medical device regulatory
uthorities of Australia, Brazil, Canada, China, EU, Japan, Russia,
ingapore, South Korea, and USA, with the World Health Organi-
ation (WHO) as oﬃcial observer, is currently developing interna-
ionally agreed upon documents related to a wide variety of topics
ffecting medical devices [7] . 
The path to harmonization is still far from completion; nev-
rtheless, several African countries have oriented their regulatory
rocesses for medical devices on the EU system. In this paper, after
utlining the EU regulatory framework, we will analyse the reg-
latory landscape in a number of African countries in which at
east a representative of the African Biomedical Engineering Con-
ortium (ABEC, http://abec-africa.org ) is present. The consortium
as founded in 2012 with the mission of pursuing capacity build-
ng in Biomedical Engineering for sustaining local healthcare sys-
ems. To date ABEC is composed of 16 member institutions from 8
ountries. Among these countries, we selected ﬁve from different
eographical regions, for better describing differences and similar-
ties with EU legislation. 
Finally, we will suggest possible solutions for reducing the costs
f developing safe, effective and quality medical devices for guar-
nteeing affordable and equitable healthcare for African citizens. 
uropean regulation for medical devices 
In order to place a medical device on the EU market, speciﬁc
uropean Directives have to be met. The regulatory processes of
edical devices are based on the Medical Device Directive (MDD),
hich consists of three core directives for safety regulations and
arketing of medical devices: the Active Implantable Medical De-
ice Directive (AIMDD 90/385/EEC), the Medical Device Directive
MDD 93/42/EEC) and the In Vitro Diagnostic Medical Device Di-
ective (IVDMDD 98/79/EC) [8] . 
The new European Regulation was recently published [9] : this
ew Regulation (EU 2017/745) will substitute the current Directives
fter a 3 to 5 year transition period. 
As proof of compliance to the strict safety requirements of the
irectives, manufacturers have to apply a CE mark on their medicalevices. The CE mark can be seen as a declaration of the manufac-
urer that the product is compliant to the relevant legislations in-
luding those related to safety. The CE marking consists of several
rocesses that start from the manufacturer’s choice of the confor-
ity assessment route, which itself depends on the classiﬁcation of
he medical device [10] . It also addresses the evaluation of intrin-
ic risk and expected beneﬁt. According to the intended use, length
f time used, interaction with the human body and other technical
haracteristics, the device is considered more or less risky for the
atient and therefore classiﬁed. By applying the classiﬁcation rules
f Annex IX of the MDD 93/42/EEC all medical devices are indi-
idually placed in one of four classes (Class I, IIa, IIb and III, with
lass III as the highest risk class). In cases where a medical de-
ice or its features can be classiﬁed according to several rules, the
ighest possible class must be applied [11] . While the 4-level clas-
iﬁcation structure still holds, the new Regulation is even stricter
s several new devices are now placed in the highest class (Class
II) with respect to their old IIa or IIb positions. 
Regardless of the class of the device, all medical devices must
e compliant to the Essential Requirements of the directives, in-
ended to enhance patient and user safety and improve device
raceability throughout its useful life: some differences between
urrent MDD and future Regulation also apply to the Essential Re-
uirements in as much as a more precise deﬁnition has been ap-
lied. The core requirement on risk-beneﬁt balance is unaltered
ut there are new detailed requests regarding validation, clinical
roof of beneﬁt and design for the intended user. 
Currently MDDs in Europe are enforced by Notiﬁed Bodies
NBs), which are independent commercial organizations that pro-
ide auditing services for medical devices, and have the ability to
ssue the CE Mark. There are 50 active NBs in Europe [12] , and
ompanies are free to choose the NB amongst those designated to
over the particular class of device under review. After approval,
ost-market surveillance functions must be provided to the NB
13] . This approach is maintained by the new Regulation, although
tricter rules for NBs may lead to a reduction in their numbers in
he near future. For all classes, excluding Class I non-sterile de-
ices, the manufacturer has to give proof to a NB that their prod-
ct fulﬁls these requirements, e.g. by applying relevant standards.
 list of harmonized standards is provided by the European Com-
ission [14] . The new Regulation gives power to the Commission
o harmonise standards from international organizations and also
o issue Common Speciﬁcations where no standards are available.
n case of a successful certiﬁcation procedure, some countries also
equire that the manufacturer or authorised representative regis-
ers the device with the local National Regulatory Authority (NRA),
 competent public agency that can enforce legislation. To better
nderstand the Conformity Assessment Routes, Table 1 lists the ap-
lied Annexes, and the expected changes in the new Regulation. 
outes for CE marking 
To better understand the necessary steps that lead to the assig-
ation of the CE marking, four practical examples are described,
ach referring to different device class or subclass. 
Considering class I Medical Devices, three CE Marking Routes
re available as shown in the examples in Fig. 1 : 
• one for a Class I sterile Medical device (Class Is, e.g. a Personal
Protection Kit); 
• one for a Class I Medical Device with measuring function (Class
Im, e.g. a sphygmomanometer); 
• and another one for simple Class I Medical device, not sterile
and without any measuring function (Class I, e.g. optical lenses
158 C. De Maria et al. / Health Policy and Technology 7 (2018) 156–165 
Table 1 
Comparison between MDD 93/42/EEC and Regulation 2017/745. Note: EC type-examination is the procedure whereby a NB ascertains and certiﬁes that a representative 
sample of the production fulﬁlls the relevant provisions of this Directive. 
Directive 93/42/EEC Regulation 2017/745 
Class III • Annex II (complete) 
• or EC TYPE-EXAMINATION (Annex III) and on the 
following: 
1. Veriﬁcation of conformity to type (Annex IV) 
2. Production quality assurance (Annex V) 
– Annex IX (complete) 
OR 
– Annex X (type) and Annex XI (Product conformity) 
Class IIb (implantable) • Annex II (without Section 4 ) 
• or EC TYPE-EXAMINATION (Annex III) and one of the 
following: 
1. Veriﬁcation of conformity (Annex IV) 
2. Production quality assurance (Annex V) 
3. Product quality assurance (Annex VI) 
– Annex IX (complete) 
OR 
– Annex X (Type) and Annex XI (Product conformity) 
Class IIb • Annex II (without Section 4 ) 
• or EC TYPE-EXAMINATION (Annex III) + one of the 
following: 
1. Veriﬁcation of conformity (Annex IV) 
2. Production quality assurance (Annex V) 
3. Product quality assurance (Annex VI) 
– Part of Annex IX (without chapter 2) 
OR 
– Annex X (Type) and Annex XI (Product conformity) 
Class IIa • Annex II (without Section 4 ) 
• or Declaration of conformity based on the Technical 
Documentation (Annex VII) + one of the following: 
1. Veriﬁcation of conformity (Annex IV) 
2. Production quality assurance (Annex V) 
3. Product quality assurance (Annex VI) 
– Part of Annex IX (Chapter 2 per family) 
OR 
– Technical Documentation referred to Annex I and II + part of 
Annex XI 
Class Is (Sterile) Declaration of conformity based on the Technical 
Documentation (Annex VII) + (only for sterility) one of the 
procedures referred to Annex II, IV, V or VI 
– Part of Annex IX (without chapter II) 
OR 
– Annex XI (Product conformity) 
Class Im (measurement) Declaration of conformity based on the Technical 
Documentation (Annex VII) + (only for sterility) one of the 
procedures referred to Annex II, IV, V or VI 
– Part of Annex IX (without chapter II) 
OR 
– Annex XI (Product conformity) 
Class I Declaration of conformity based on the Technical 
Documentation (Annex VII) 
Declaration according to Article 19 after drafting the 
documentation referred to Annex I and II 
Custom Annex VIII Annex XIII 
Fig. 1. Assessment procedure for a Class I Medical Device: (a) Personal Protection Kit, (b) Sphygmomanometer, (c) Optical lenses and frame. Adapted from [15] . 
C. De Maria et al. / Health Policy and Technology 7 (2018) 156–165 159 
Fig. 2. Assessment procedure for a Class IIa Medical Device, e.g. a Contactless Thermometer. Adapted from [15] . 
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u  For these devices the route is self-declaration or self-
ertiﬁcation as described in Annex VII Module A, EC Declaration
f Conformity. The manufacturer ensures and formally declares, via
 written statement, that the products meet the applicable provi-
ions of the MDD. 
Fig. 2 shows an example of how a Class IIa contactless ther-
ometer arrives on the market. The manufacturer declares confor-
ity with the provisions of the MDD and Regulations (Annex VII)
nd ensures that the product complies with relevant essential re-
uirements. However, for Class IIa products, this declaration must
e backed up in all cases with conformity assessment by a NB us-
ng Annex II, IV, V or VI. 
The deﬁbrillator is classiﬁed as a Class IIb medical device – the
ssessment route to market is schematized in Fig. 3 . Manufacturers
f Class IIb devices may also choose the full quality assurance route
Annex II) including assessment of the technical documentation by
 NB for at least one representative sample for each generic device
roup for compliance with the MDD (Annex II Section 7). 
Class III includes high-risk devices and those awaiting a proper
lassiﬁcation. A hip-joint implant is classiﬁed as a Class III medi-
al device and the diagram in Fig. 4 illustrates its route-to-market.
ermanent monitoring during the lifetime of high-risk devices is
onducted by specialised institutions. 
frican regulation for medical devices 
rief overview of general situation 
In 2005, the WHO performed a study on the presence of NRAs
asked with regulating and controlling medicines, vaccines, blood
roducts and medicine devices in the 46 sub-Saharan African
ountries. Only 3 of these countries (corresponding to 7%) had an
RA in place, while 29 (63%) had minimal and 14 (30%) no regula-
ions [16,17] . 
Table 2 lists the current state-of-the-art of medical device reg-
lations in the 8 countries hosting ABEC members, considering the
resence of NRAs, directives and laws, how medical devices are
lassiﬁed, the presence of a medical device nomenclature system
s well as the existence of policy or guidelines on donated med-cal devices. All of them except Malawi, where no information is
vailable, have an NRA to regulate and control medical devices. 
The names of the NRAs indicate that they are also responsible
or food and medicine control, as also happens in some EU coun-
ries (i.e. Spain) and in USA with the Food and Drug Administration
FDA), to cite some examples. The GHTF Risk Classiﬁcation provides
 four-tier system, with Class A representing lowest-hazard devices
nd Class D the highest-hazard device. The European and GHTF
lassiﬁcations are essentially equivalent, both based on 4 classes:
evices are assigned to a class according to their intrinsic potential
arm to the patient, intended use and technology [18,19] . 
Table 2 indicates that ABEC countries orient their regulatory
rocesses on the GHTF system. Furthermore, most of the ABEC
ountries have implemented or harmonized with European direc-
ives in their legislation. It should be noted that despite the fact
hat most ABEC member countries have already established a ba-
is for medical device regulations, many of them still have limited
apacities to do so. The limited capacities might include lack of
nvestment and training to improve and maintain knowledge and
kills of personnel [20,21] . 
frican Regulation in ﬁve example countries 
Describing Africa as a whole means merging a complex and
ragmented continent, characterized by different levels of politi-
al stability and social situations from north to south, from east
o west, into a single entity. This may lead to incomplete or too
eneral descriptions. We illustrate the regulatory landscape in 5
ountries with ABEC members in different geographic regions in
frica. 
gypt – North Africa 
The Egyptian Ministry of Health (MOH) is responsible for the
tandardization and coordination of the registration, approval, im-
ortation and manufacturing of medical devices [22] . The MOH
oes this through the Drug Policy and Planning Center (DPPC)
nd the Central Administration of Pharmaceutical Affairs. The DPPC
ontrols and sets the strategic rules for drug policy but it also reg-
lates the importation and manufacture of medical devices and in-
160 C. De Maria et al. / Health Policy and Technology 7 (2018) 156–165 
Fig. 3. Assessment procedure for a Class IIb Medical Device, e.g. a deﬁbrillator. Adapted from [15] . 
Fig. 4. Assessment procedure for a Class III Medical Device, e.g. an hip-joint implant. Adapted from [15] . 
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T  struments. It controls the registration of medical devices through
a Specialized Committee for Study of Manufactured and Imported
Medical Devices and Equipment [23] . As Table 2 shows, Egypt has
adopted the deﬁnition and classiﬁcation of Medical Devices accord-
ing to the European MDD 93/42/EEC. A free sale certiﬁcate, and CE
Mark or FDA Approval is required to commercialize the medical
device in the country. It is important to note that locally manufac-
tured products must also be clearly labelled as such. 
Uganda – East Africa 
The Ugandan government was able to set up different bodies
that are responsible for the regulation of medical devices that,
however, present severe limitations [20] . These government agen-ies have the control on the use and sale of medical devices and
nsures that medical devices commercialized within the country’s
urisdiction are complaint to international standards. When a de-
ice is manufactured in Uganda, the manufacturer must apply for
nstitutional Review Board clearance before starting clinical test-
ng. This process will usually pass through the medical school at
akerere University or directly at the hospital of choice. Manufac-
urers must also apply to the National Drug Authority to approve
se of the device and the Uganda National Council for Science and
echnology for additional ethical clearance. For selling the device,
he minimum international standards for medical devices must be
btained, as Uganda does not have local medical device standards.
he Uganda National Bureau of Standards (UNBS) does not have
C. De Maria et al. / Health Policy and Technology 7 (2018) 156–165 161 
Table 2 
Overview on medical devices regulation in ABEC countries. 
ABEC 
Country 
National Regulatory 
Authority Directives/Laws 
Classiﬁcation of 
Medical Device 
Medical Device 
nomenclature 
System 
Policy or 
Guidelines on 
Donated 
medical device 
Northern Africa 
Egypt Egyptian Drug Authority 
(EDA) 
93/42/EEC I, IIa, IIb, III No Yes 
2007/47/EC 
Southern Africa 
South 
Africa 
Department of Health, South 
Africa Medicines control 
council (MCC) 
No. 101/1965 A, B, C, D No Yes 
No. 14/2015 
No. 15/1973 
Western Africa 
Nigeria National Agency for Food and 
Drug Administration and 
Control (NAFDAC) 
Cap N1 L.F.N 2004 Compliance to 
Classiﬁcation of the 
country where the 
device is manufactured 
No Yes 
Eastern Africa 
Ethiopia Food Medicine and 
Healthcare Administration 
and Control Authority of 
Ethiopia (FMHACA) 
No. 661/2009 I, II, III, IV Nationally 
developed 
Yes 
No. 12/2013 
No. 9/2012 
Malawi No No info No info No Yes 
Uganda National Drug Authority Chapter 206_20 0 0 No info Nationally 
developed 
Yes 
Tanzania Tanzania Food and Drugs 
Authority (TFDA) 
No. 1_2003 A, B, C, D Based on GMDN Yes 
Kenya Pharmacy and Poisons Board Chapter 244_2002 A, B, C, D Nationally 
developed 
Yes 
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m  he laboratory capacity to test the safety and performance of a
umber of medical devices. Thus two routes must be taken if a
evice is manufactured outside of the country and a seller would
ike to market in Uganda: 
1. Product Certiﬁcation - This process requires an assessment of
the process of production/manufacturing and testing of the ﬁ-
nal integrated product. It will be checked for consistency and
quality and it will be bench-marked based on the applicable
ISO standards (see further in the text) evaluating where the de-
vice is manufactured and where clinical trials were performed. 
2. Pre-Shipment Veriﬁcation of Conformity (PVoC) - This certiﬁ-
cation involves an assessment on whether the medical device
complies with the applicable relevant ISO standards through
testing, quality assessment and an inspection of a number of
sampled devices intending to be exported. A certiﬁcate of con-
formity is issued upon a successful assessment of the examined
batch. This process is carried out by pre-shipment agents: in
this case, the UNBS entrusts the Société Générale de Surveil-
lance (SGS), the Bureau Veritas and the Intertek International
Ltd. This second route is faster. 
enya – East Africa 
Medical device regulation has been a point of contention in
enya for a while, where different bodies are given the author-
ty for different aspects. Until recently, the Pharmacy and Poisons
oard has been implementing and enforcing some aspects of med-
cal device regulations based on a 2002 act of parliament. The
oard is responsible for registration of medical devices that enter
he market. The Board does not have its own guidelines but adopts
hose of the GHTF, European MDD 93/42/EEC, AIMDD 90/385/EEC
nd IVDMDD 98/79/EC, and the US FDA and Australia Therapeuticsoods Act [24] . A new Health Bill is pending and all regulatory
odies have been put on hold. Under the new Health Bill, the Min-
stry of Health will ultimately be the main regulatory body. The Bill
ill allow for a uniﬁed health system that should coordinate the
nter-relationship between the National Government and County
overnment Health Systems. Moreover, the Bill is to provide for
he regulation of health care services and service providers, health
roducts and technologies and for connected purposes, in addition
o establishing a single regulatory body for regulation of health
roducts and health technologies. This regulatory body will over-
ee the licensing of health products and technologies, and the li-
ensing of manufacturers and distributors of health products. It
ill also regulate contractors for medical devices and physical se-
urity for products including radioactive material and biological
eapons. Article 31 of the proposed Health Bill looks at the pro-
urement of health products and technologies, which will be un-
ertaken in line with the Public Procurement and Disposal Act
25] . 
igeria – West Africa 
The National Agency for Food and Drug Administration and
ontrol (NAFDAC) regulates food and drug products in Nigeria [26] .
o medical device can be manufactured, imported, exported, ad-
ertised, sold or distributed in Nigeria unless it has been regis-
ered in accordance with the provisions of ACT CAP F33 LFN 2004
Formerly decree 19 of 1993) and the accompanying guidelines.
he Standard Organization of Nigeria is responsible for compliance
ith equipment speciﬁcation and import standards. Importers of
rug products and medical devices must ﬁrst register them with
AFDAC prior to import. In the case of imported products, the
anufacturer must show evidence that they are licensed to pro-
162 C. De Maria et al. / Health Policy and Technology 7 (2018) 156–165 
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tduce medical devices for sale in the country of origin (Certiﬁcate
of Manufacturer and Free Sale). Such evidence must be issued by
the Competent Authority of the country of manufacture, and has
to be authenticated by the Nigerian Embassy in that country. In
countries where no Nigerian Embassy or High Commission exists,
any other Embassy or High Commission of any Commonwealth or
West African country can authenticate. 
South Africa – Southern Africa 
South Africa does not have a comprehensive regulatory frame-
work governing medical devices. However, the market is very so-
phisticated and it is strongly advisable that the product be FDA
approved or even better, carry the CE mark. At present, only elec-
tronic products (also known as electromagnetic medical devices
or radiation emitting devices) must be registered before they can
be sold, leased, used, operated, or applied in South Africa [27,28] .
These devices must be registered with the Department of Health,
and must have the CE mark. FDA approved electro-medical prod-
ucts without the CE mark are not accepted [28] . The registration of
medical devices in South Africa is governed by the provisions and
requirements of the Medicines and Related Substances Control Act
No. 101 of 1965, and the Regulations and Guidelines published in
terms thereof. Compliance with local and international Medical De-
vice Standards and Conformity Assessment Standards can be used
to demonstrate compliance with the medical device legislative re-
quirements. The use of these standards is not mandatory, but it is
a way to establish compliance with the regulatory requirements.
The legislative framework adopts the IMDRF philosophy, and for
this reason it adopted the Risk Classiﬁcation System formulated
by the GHTF. The Medicines Control Council is a statutory body
that is appointed by the Minister of Health for ensuring that all
products that are sold and used in South Africa are safe, thera-
peutically effective and consistently meet acceptable standards of
quality. 
Sustainable innovations in the medical device ﬁeld 
Access to new products in Africa can be delayed, sometimes for
years, due to complex and costly requirements for regulatory ap-
proval in some countries. In order to enable innovations in Africa
and in other countries with an immature regulatory system while
ensuring a high level of patient protection, as well as giving voice
to the citizens and their needs, including those associated with
rare diseases, possible alternatives have to be explored. We pro-
pose that “Open Source Medical Devices” (OSMDs), designed fol-
lowing collaborative strategies, may help to reduce costs for devel-
oping medical devices, respecting the formal regulatory processes,
while maintaining at least the same safety levels as European de-
vices. 
Creating an OSMD means developing a medical device by
sharing ideas and concepts, design ﬁles, documentation, source-
code, blueprints and prototypes, testing results and all collected
data, with other professional medical device designers. Advan-
tages of the open procedure are its accessibility, sustainabil-
ity, lower costs and, under ideal conditions, improved perfor-
mance and safety because everyone can review the design dossier
[29] . 
While a couple of years ago, the development of biomedical
devices was essentially linked to companies and universities, now
several examples of OSMDs have appeared on the web [30] , on-line
communities share good practices [31] , but seldom these medical
devices are designed to be compliant with safety standards [32] .
Thus, OSMDs are often not yet accurate or safe enough to be used
as part of the mainstream clinical routines. 
This is mainly due to the fact that the open movement prizes
innovation, creativity and ingenuity more than compliance to rulesnd standards, which are not often fully known and valued, and
hould be considered from the beginning of the development
rocess. Nonetheless, OSMDs hold great promise because today,
hanks to the crowd-thinking and crowd-sourcing paradigms, the
esign of open products has an intrinsic revision process, driven
y a virtual community, composed of a heterogeneous and large
opulation, which has become an active player in the entire pro-
ess of conception to production [33] . However, biomedical devices
o need a high level of supervision, to control their quality and to
uarantee their respect for safety standards. 
To promote OSMDs and to boost innovation across the EU
nd Africa, UBORA, a project funded by the EU, aims at devel-
ping a Europe-Africa e-infrastructure for open-source co-design
f new solutions to face the current and future healthcare chal-
enges of both continents ( http://ubora-biomedical.org ). Accord-
ng to the project vision, exploiting new ideas and sharing of
afety criteria and performance data can be an innovative solu-
ion to improve the current state of healthcare in Africa. Exam-
les of biomedical devices under development within UBORA in-
lude: coolers for vaccines, systems for the sterilization of surgical
nstruments, incubators for premature babies, breast pumps with
ooling and preservation systems, 4D printed splints (3D printed
nd then personally modiﬁed to suit patients), polymeric devices
or treating clubfoot, CPAP devices, preventive methods for malaria
34] . 
The UBORA platform enables a peer-to-peer evaluation and ex-
ert mentorship from Academia and Industry, before submitting
he documentation to a NB, for the formal certiﬁcation route. This
ouble check of the design might then lead to safer medical prod-
cts because both a large community and a regulatory authority
re performing the evaluation. 
The projects available for downloading in the UBORA e-
nfrastructure will be safe and compliant to standards, but will not
e deﬁned as a “product”, since manufacturing will require further
ertiﬁcation; however production and marketing will be greatly fa-
ilitated. An example of this process is the Gamma Cardio electro-
ardiograph [35] , an open source, certiﬁed medical device project,
hich can be placed on the market only by manufacturers who
ave obtained the certiﬁcation: each new manufacturer must im-
lement repeatable and approved manufacturing and control pro-
edures and get its own certiﬁcation. 
Standards from the International Standard Organization (ISO)
nd the International Electrotechnical Commission (IEC) constitute
he state of the art, are very widespread and have proven to ensure
 minimum satisfactory level of patient safety. For this reason, they
robably provide the most preferable reference documents for de-
igning safe medical devices. It can be argued that standards can
lso be produced and distributed as “open” in the medical device
eld. The deﬁnition of open standards has been widely discussed
n the software ﬁeld [36] , with an inﬂuential position taken by
orld Wide Web Consortium, which can be seen as a model for
pen standards [37] . 
At present ISO and IEC Standards require a small copyright
ee (limiting availability) and their development does not there-
ore respect the openness requirement. Their widespread use pre-
ents the fragmented development of products that do not work
roperly with each other and discourages the appearance of new
branches’ within old products. The absence of medical device in-
ustries in African countries cannot be attributed to the limited
ccess to these standards or to their fees. In fact, relevant stan-
ards, such as ISO 13485:2016 Medical devices - Quality manage-
ent systems - Requirements for regulatory purposes, which ad-
resses the speciﬁc needs for quality management systems for or-
anizations in the medical devices industry, costs less than 100 €,
ut their implementation costs are at least three orders of magni-
ude larger. 
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n  merging technologies and related standardization challenges 
Several emerging technologies are synergic with open source
trategies and can facilitate the emergence of a sustainable medical
ndustry and a more socially-responsible way of innovating medi-
al technologies. Additive manufacturing technologies (AMTs) and
martphones and mobile technologies have been successfully ap-
lied in the medical ﬁeld [38,39] , however, regulation-related chal-
enges still exist for adequately (and safely) exploiting all their po-
entials. 
For instance, surgical training, diagnostic models, personalized
mart prostheses for soft and hard tissue repair and ad hoc er-
onomic appliances are already well-established biomedical ap-
lications of AMTs [40] . Furthermore, in recent years, in parallel
ith the expiry of several patents from pioneering companies of
he AMTs sector, these technologies are undergoing a “democra-
ization” process and open hardware approaches have reshaped
his ﬁeld, leading to collaborative design environments (e.g. the
epRap wiki, http://reprap.org ) and to the development of low-
ost AMTs. In turn, this has led to the worldwide expansion of
fab-labs” or digital fabrication laboratories, which support inven-
ors and designers in prototyping and sometimes in manufacturing
he ﬁnal products. These networks of laboratories, if adequately or-
anized, can constitute a powerful tool for promoting a delocal-
zed production of medical devices and for bringing richness to
emote regions, helping to shift from mass-production of medi-
al devices to mass-personalization [41] . The teaching-learning im-
lications of these fab-labs, for training a cohort of responsible
iomedical engineers worldwide, capable of mentoring (together
ith medical professionals) the required innovations for the suc-
essful future of an open source biomedical industry [42] , are also
oteworthy. If fab-labs are to provide new alternatives for manag-
ng the supply chain and supporting open source biomedical prod-
cts, or if the hospitals of the future are to count on advanced
ngineering laboratories for promoting personalized manufacture
f medical devices, several regulatory questions arise. Medical de-
ice classiﬁcation does not change if the device is manufactured
sing traditional methods or AMTs. Rethinking Annex VIII of the
DD with speciﬁc guidelines to take into account the relevance of
hese technological resources will facilitate their custom applica-
ion to patients, while guaranteeing safety. For instance, an option
or promoting AMTs and fab-labs and their synergies with open
edical devices is to shift from product-based to a material- and
rocess-based regulation, as it is already happening in the den-
al sector [43] . For instance, we can cite the recently developed
DA Technical Considerations for Additive Manufactured Medical
evices [44] . The document provides non-binding recommenda-
ions for fulﬁlling current FDA regulations when using these inno-
ative techniques for the development of medical devices. Among
he proposed actions, the document gives guidance for: design and
anufacturing procedures, both for general and for personalized
evices, software-related processes, performing material controls,
ost-processing steps, ﬁnal device testing and validation, overall
ecure data management, labelling and even eco-impact assess-
ent. We envision a similar orientation but with an extended ap-
roach, so as to provide an adequate regulatory environment for
edical devices developed in a personalized way, taking advan-
age of open-source approaches and involving global communi-
ies of collaborators and manufacturers. Besides, the components,
aterials and processes should be traceable, for which the use
f collaborative development frameworks (such as the Ubora e-
nfrastructure) may be useful. 
Smartphone based medical applications can be simple “apps”
dvising users to adopt healthier life styles, mainly relying on
ounting steps and allowing users to introduce information about
heir calorie intake. More complex “apps” for diagnostic and thera-eutic monitoring make use of the smartphone’s sensing elements
camera, accelerometers, microphone…), or may, in some cases, be
upported by external sensing-actuating kits. They can help users
nd medical professionals to perform more complex medical tasks
45] . 
The more complex combinations of smartphones, software and
upporting kits, are considered medical devices. Some of these
pps may even reach Class III and must comply with available reg-
lations before they are used [46] . 
The FDA seems to have taken the lead in the regulation of mo-
ile health technologies and of the medical applications of smart-
hones in general [47] , while the EU’s new Regulation on Medical
evices plays much attention to medical device software (SW). The
armonized standard IEC 62304 deﬁnes restrictive rules on the SW
ife cycle, for ensuring safety requirements. 
Open hardware approaches and the capabilities of mobile tech-
ologies, especially of smartphones, can open new horizons in the
iomedical ﬁeld as well as promoting quality healthcare for all.
oth Europe, with a user penetration of smartphones already be-
ond the 64% in 2017 [48] , and Africa, with an expected user pen-
tration of mobile phones up to a 76% in 2020 [49] , can greatly
eneﬁt from the use of medical apps and mobile health technolo-
ies for addressing global health issues. 
onclusion 
Access to safe biomedical devices ensures equitable healthcare
or all and is guaranteed by regulations. However, implementing
egulations and complying with them places an economic burden
n developers, manufacturers and researchers. In developing coun-
ries, poor regulatory control results in the use of substandard de-
ices, and often it becomes a constraint for those wanting to pro-
uce, sell, or even donate these devices. Our ﬁndings show that
frican medical device regulations have an aﬃnity to European di-
ectives, despite the fact that they are particularly strict. It was ob-
erved that most ABEC countries already have a NRA in place to
ontrol and medical devices. Most of these states have also im-
lemented or harmonized directives to medical device regulation,
r have expressed interest in establishing them in their legislation.
evertheless they need adequately trained biomedical engineers
or consultation, and ABEC was formed in recognition of this need.
As reported in Fig. 5 , harmonizing regulations leads to multiple
eneﬁts. Regulatory authorities will beneﬁt in terms of improved
xpertise, collaboration with other regulatory authorities and op-
rational eﬃciency through sharing of information and recogni-
ion of established regulatory authority decisions. Healthcare pro-
essionals will beneﬁt through the availability of more treatment
ptions in order to optimise patient management. The biomedical
ndustry will beneﬁt through the access to new markets and the
mproved ability to comply with regulatory requirements related to
evices registration. Patients will beneﬁt through improved supply
f devices, access to high quality devices that comply with strict
equirements of safety, quality and eﬃcacy and reduced risk of
se of unsafe devices. Supranational initiatives, such as the Inter-
ational Medical Device Regulators Forum are currently developing
nternationally agreed upon documents to facilitate the harmoniza-
ion of affecting medical devices. 
In addition to harmonization, to further save costs and main-
ain a higher safety level, OSMD might be an option, but they still
eed certiﬁcation to be placed on the market. Projects, such as UB-
RA, are trying to convey the strength of this approach providing a
ramework to design projects which respect safety standards. They
an also be used as a teaching tool for capacity building of future
iomedical engineers. 
This paper ends with a call to WHO and to all other supra-
ational organizations that are stakeholders in human health and
164 C. De Maria et al. / Health Policy and Technology 7 (2018) 156–165 
Fig. 5. Impacts of harmonization. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2017. human health improvement, as well to as Standard Development
Organizations to provide support, means and expertise to OSMD
design for developing economically sustainable, safe and effective
healthcare technology. 
Acknowledgement 
This project has received funding from the European Union’s
Horizon 2020 Research and Innovation Programme under grant
agreement No 731053 , UBORA. 
Author Statements 
Funding 
This project has received funding from the European Union’s
Horizon 2020 Research and Innovation Programme under grant
agreement No 731053, UBORA. 
Competing interests 
Authors have no conﬂict of interest to declare. 
Ethical approval 
Not required. 
References 
[1] Browning P . Differences between medical devices and drugs. Br J Nurs
2014;23(S12):S28–9 . 
[2] Steinberg D , Horwitz G , Zohar D . Building a business model in digital
medicine. Nat Biotechnol 2015;33.9:910–20 . 
[3] Maresova P , Penhaker M , Selamat A , Kuca K . The potential of medical de-
vice industry in technological and economical context. Ther Clin Risk Manag
2015;11:1505–14 [PMC. Web. 22 May 2017] . 
[4] Ochasi A , Clark P . Reuse of pace- makers in Ghana and Nigeria: medical, legal,
cultural and ethical perspectives. Dev world Bioeth 2015;15(3):125–33 . 
[5] Bergsland J , Elle OJ , Fosse E . Barriers to medical device innovation. Med De-
vices (Auckl) 2014;7:205–9 . 
[6] Vision Kenya . A globally competitive and prosperous Kenya [2030]. Nairobi:
Government of Kenya; 2007 . 
[7] International medical device regulators forum 〈 http://www.imdrf.org/ 〉 [veriﬁed
on May 2017]. 
[8] French-Mowat E , Burnett J . How are medical devices regulated in the european
union? J R Soc Med 2012;105(1_suppl):22–8 . 
[9] Revisions of Medical Device Directives. 〈 http://ec.europa.eu/growth/sectors/
medical-devices/regulatory-framework/revision _ it 〉 [veriﬁed on May]; 2017. [10] The British standard institution. medical device directive.
〈 https://www.bsigroup.com/en- IL/Medical- Devices/Our- services/ 
European- Medical- Device- Directives/ 〉 [veriﬁed on May]; 2017. 
[11] Wellkangtech consulting, guidelines for classiﬁcation of medical devices. 〈 http:
//www.ce-marking.org/ 〉 [veriﬁed on May 2017]. 
[12] Notiﬁed body. 〈 http://ec.europa.eu/growth/tools-databases/nando/index.cfm?
Fuseaction=notiﬁedbody.main 〉 [veriﬁed on May]; 2017. 
[13] Kaplan AV , Baim DS , Smith JJ , Feigal DA , Simons M , Jefferys D , Fogarty TJ ,
Kuntz RE , Leon MB . Medical device development: from prototype to regula-
tory approval. Circulation 2004;109(25):3068–72 . 
[14] Medical Devices Harmonised Standards. 〈 http://ec.europa.eu/growth/
single- market/european- standards/harmonised- standards/medical- devices/ 〉 
[veriﬁed onMay]; 2017. 
[15] Class I Medical Device. Conformity Assessment Routes 〈 http://www.
ce- marking.com/medical- devices- class- i.html 〉 [veriﬁed on May]; 2017. 
[16] WHO Regional Oﬃce for Africa Proceedings of the First African Medicines
Regulatory Authorities Conference Final Report (2009), ISBN: 978 929 023
1417. Available at 〈 http://apps.who.int/medicinedocs/documents/s17809en/
s17809en.pdf 〉 [veriﬁed on january 2018]. 
[17] Lamph S . Regulation of medical devices outside the European Union. J R Soc
Med 2012;105(suppl 1):S12–21 . 
[18] The Global Harmonization Task Force. Principles of Medi-
cal Devices Classiﬁcation, June 26 20 06, GHTF/SG1/N15:20 06
[avaiblable at 〈 http://www.imdrf.org/docs/ghtf/ﬁnal/sg1/technical-docs/
ghtf- sg1- n15- 2006- guidance- classiﬁcation- 060627.pdf 〉 , veriﬁed on January];
2018. 
[19] MEDICAL DEVICES. Guidance document - Classiﬁcation of medical devices
MEDDEV 2. 4/1 Rev. 9 June 2010 [avaiblable at 〈 http://ec.europa.eu/DocsRoom/
documents/10337/attachments/1/translations/en/renditions/native 〉 veriﬁed on
January]; 2018. 
[20] Rugera SP , McNerney R , Poon AK , Akimana G , Mariki RF , Kajumbula H , Ka-
mau E , Mpawenimana S , Said SY , Toroitich A , Ronoh W , Sollis KA , Sonoiya S ,
Peeling RW . Regulation of medical diagnostics and medical devices in the East
African community partner states. BMC Health Serv Res 2014;14.1:524 . 
[21] Lustick DR , Daniel R , Zaman MH . Biomedical engineering education and prac-
tice challenges and opportunities in improving health in developing countries.
Sci Innov Policy 2011 [Atlanta Conference on. IEEE, 2011] . 
[22] Egyptian ministry of health – Egyptian Drug Authority. 〈 http://www.eda.mohp.
gov.eg/ 〉 [veriﬁed on May]; 2017. 
[23] Medical Device Regulatory Requirements for Regulatory Egypt. 〈 http:
//www.ita.doc.gov/td/health/Egypt%20Medical%20Devices%20Regulatory% 
20Proﬁle%202007.pdf 〉 [veriﬁed on May]; 2017. 
[24] Pharmacy and Poisons Board – Medical Devices. “Request for comments on
Medical Devices Regulation”. 〈 http://pharmacyboardkenya.org/?P=459 〉 [veri-
ﬁed on May]; 2017. 
[25] Kenya Gazette. Supplement No.44 (National Assembly Bills No.14. 〈 http:
//kenyalaw.org/kl/ﬁleadmin/pdfdownloads/bills/2015/HealthBill2015.pdf 〉 [veri-
ﬁed on May 2017]; 2015. 
[26] National agency for Food and Drug Administration. 〈 http://www.nafdac.gov.
ng/ 〉 [veriﬁed on May]; 2017. 
[27] South Africa Medical Device Regulations. 〈 https://www.emergogroup.com/
resources/regulations- south- africa 〉 [veriﬁed on May]; 2017. 
[28] Statutes of the Republic of South Africa. – Public Halath Hazardus Sub-
stances ACT No 15 of 1973. 〈 http://www.emergogroup.com/sites/default/ﬁles/
ﬁle/south- africa- hazardous- substances- act- no- 15- 1973.pdf 〉 [veriﬁed on May];
C. De Maria et al. / Health Policy and Technology 7 (2018) 156–165 165 
[  
[  
 
[  
 
 
 
[  
 
 
 
 
 
 
[  
 
[  
[  
 
[  
 
 
[  
[  
 
[  
 
[  
[  
 
 
[  
[  
C  
o  
i  
i  
g  
m  
t  
v  
c
L  
v  
g  
h  
E  
p  
s  
F  
t  
m  
t  
s  
a
A  
E  
b  
i  
r  
c  
“  
A
J  
a  
c  
s  
a  
I  
d  
b  
w
P  
m  
s  
a  
t  
d  
t  
P
M  
S  
n  
h  
t  
f  
h
A  
d  
s  
i  
R  
t  
a  
B
J  
v  
n  
U  
e  
e  
c
A  
d  
P  
A  
i  
p  
p  
a  
h  
v  
h  
t  
E  
A  
a29] Bliznakov Z , Mitalas G , Pallikarakis N . Analysis and classiﬁcation of medical
device recalls, 14. Springer Berlin Heidelberg; 2007. p. 3782–5 . 
30] Niezen G , Eslambolchilar P , Thimbleby H . Open-source hardware for medical
devices. BMJ Innov 2016;2.2:78–83 . 
[31] Oliveira P. et al. Patient Innovation: Sharing solutions, improving life: 〈 https:
//patient-innovation.com 〉 [veriﬁed on January]; 2018. 
32] Ferretti J , Di Pietro L , Maria C De . Open-source automated external deﬁbrilla-
tor. HardwareX 2017;2:61–70 . 
[33] Gabelloni D, Montelisciani G, Fantoni G. Implementing collaborative crowd-
sourcing in different design problems, DS 75-9 In: Proceedings of the 19th in-
ternational conference on engineering design (ICED13), Design for Harmonies,
Vol. 9: Design Methods and Tools, Seoul, Korea, 19-22.08.2013. 
34] Ahluwalia A, Maria C, Lantada A, DiPietro L, Ravizza A, Mridha M, Madete J,
Makobore P, Aabloo A, Kitsing R, Leibovits A. Towards Open Source Medical
Devices - Current Situation, Inspiring Advances and Challenges. In: Proceed-
ings of the 11th international joint conference on biomedical engineering sys-
tems and technologies (BIOSTEC 2018) - Volume 1: BIODEVICES, pages 141-149
ISBN: 978-989-758-277-6. 
[35] Gamma cardio soft s.r.l. gamma cardio cg: the certiﬁed diagnostic ecg under
open license.” 〈 http://www.gammacardiosoft.it/openecg/ 〉 [veriﬁed on May];
2017. 
36] Rosen Lawrence. "Deﬁning Open Standards." 〈 http://www.rosenlaw.com/
pdf-ﬁles/DeﬁningOpenStandards.pdf 〉 [veriﬁed on May 2017]; 2010. 
[37] World Wide Web Consortium. “Deﬁnition of Open Standards”. 〈 https://www.
w3.org/2005/09/dd-osd.html 〉 [veriﬁed on May]; 2017. 
38] Lee Ventola C . Medical applications for 3D printing: current and projected
uses. Pharm Ther 2014;39(10):704–11 . 
39] Ozdalga E , Ozdalga A , Ahuja N . The smartphone in medicine: a review of cur-
rent and potential use among physicians and students. J Med Internet Res
2012;14(5):e128 . 
40] Diaz Lantada A , Lafont Morgado P . Medical applications for rapid prototyping
technologies. Annu Rev Biomed Eng 2012;14:73–96 . 
[41] “Enabling the future project: A global network of passionate volunteers using
3D printing to give the world a helping hand”. 〈 http://enablingthefuture.org/ 〉
[veriﬁed on May 2017]. 
42] De Maria C , Mazzei D , Ahluwalia A . Improving African health care through
open source biomedical engineering. Int J Adv Life Sci 2015;7(1):10–19 . 
43] C. Enright. “New directions for additive manufacturing: Workshops, agree-
ments aid standards work and more”. ASTM Standardization News, Sept./Oct.
2016. 
44] US Food & Drug AdminitrationTechnical considerations for Additive
Manufactured Medical Devices. December 5 2017. Available at: 〈 https:
//www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/ 
GuidanceDocuments/UCM499809.pdf 〉 [veriﬁed on January 2018]. 
45] Lee Ventola C . Mobile devices and apps for healthcare professionals: uses and
beneﬁts. Pharm Ther 2014;39(5):356–64 . 
46] Yock PG , Zenios S , Makower J , Brinton TJ , Kumar UN , Jay Watkins FT . Biode-
sign: the process of innovating medical technologies [3rd printing]. Cambridge
University Press; 2016 . 
[47] US FDA. “Mobile medical applications: Guidance for Industry and Food and
Drug Administration Staff”; 2013. 
48] Statista: The Statistics portal. 〈 https://www.statista.com 〉 [veriﬁed on May];
2017. 
49] Mutiga M , Flood Z . Africa calling: mobile phone revolution to transform
democracies. [8th of August]. Guardian 2016 [8th of August] . 
armelo De Maria is an assistant professor of bioengineering at in the Department
f Ingegneria dell’Informazione Engineering, at the University of Pisa, Italy, and aﬃl-
ated with the Research Center “E. Piaggio.” He is a guest professor in bioengineer-
ng at Addis Ababa University, Ethiopia, and member of the African Biomedical En-
ineering Consortium secretariat. His research interests are in the focus on additive
anufacturing/rapid prototyping technologies, with a particular focus in biofabrica-
ion. He has published more than 30 papers and in 2016 he received the Young In-
estigator Award from the International Society for Biofabrication. De Maria is also
o-founder and president of the FabLab Pisa. 
icia Di Pietro is currently a research fellow at Research Centre E. Piaggio of Uni-
ersity of Pisa, Italy. She received the Bachelor and Master Degree in Biomedical En-
ineering from University of Pisa, Italy, in 2014 and 2017, respectively. In 2016 she
as enrolled an Erasmus for Traineeship program at Hilditch Group at Malmesbury,
ngland, working on her Master Thesis project entitled “Different approaches to im-
rove healthcare in Africa through Biomedical Engineering”. During this period, she
pent one month in Kampala, Uganda, working as volunteer with Amalthea Trust
oundation, to help provide for the sustainable maintenance of medical equipmenthrough the provision of training programs for the recipients, including test equip-
ent and workshop facilities. Her research interest includes Global Health with par-
icular attention to developing countries. She is working on manufacturing of open-
ource and low cost medical devices, compliant with the International standards to
ssure the safety, quality and performance of medical devices. 
ndrés Díaz Lantada is Professor in the Department of Mechanical Engineering at
TSI Industriales – UPM. His research activities are aimed at the development of
iodevices using modern design, modeling and manufacturing technologies and he
ncorporates these results to subjects linked to product development. He is Edito-
ial Board Member of the International Journal of Engineering Education and CDIO
ontact at UPM. He has received the “TU Madrid Young Researcher Award” and the
TU Madrid Teaching Innovation Award” in 2014 and the “Medal of the Spanish
cademy of Engineering to Young Researchers” in 2015. 
une Madete is a Biomedical Engineer specializing in biomechanics, a researcher
nd senior lecturer at Kenyatta University with special interest and expertise in
ollections, analysis and interpretation of gait data using various motion analysis
oftware and hardware. Her research involves combination of these techniques with
nimal research in the ﬁeld of euro science, video ﬂuoroscopy, x-ray and CT data.
n 2011–2012, she did a study that looked at a speciﬁc group of patients who un-
erwent total knee replacement, the study aimed at understanding the relationship
etween surgical accuracy and joint function. She seeks to develop biomechanics
ithin Kenya. 
hilippa Ngaju Makobore is an Electrical Engineer and is currently the Depart-
ent Head of the Instrumentation Division at the Uganda Industrial Research In-
titute (UIRI). Her team comprises of electrical and computer engineers that design
nd develop electronic applications for Healthcare, Agriculture and Energy. To date
he Division’s portfolio has over 7 projects, which she supervises, with 3 medical
evice prototypes in their advanced stages. These projects have won both interna-
ional and local awards including a 1st place Innovation Award at the 2016 World
atient Safety, Science and Technology Summit. 
annan Mridha is a Senior Researcher at KTH (Royal Institute of Technology) in
tockholm. With merit scholarships acquired M.Sc. Eng. degree from Warsaw Tech-
ical University, Ph.D. and M.Ed. degree from Linköping University in Sweden. He
as working experience with teaching and research in Biomedical engineering at
he University of Linköping, KTH – Royal Institute of Technology, University of Ox-
ord and Tokyo University. He strongly believes in the importance of preventive
ealth care through education utilizing the digital technology. 
lice Ravizza, biomedical engineer, started her career as R&D for a manufacturer of
isposable plastic medical devices, spending more than 10 years and covering po-
itions from Research and Development to Quality Assurance and Regulatory. She
s currently a consultant for companies and startups for Design, Development and
egulatory planning of innovative medical devices and for Quality Management Sys-
ems. She is Regulatory consultant of the UBORA project based in University of Pisa
nd regularly holds seminars in various Italian universities about Regulatory and
iocompatibility aspects of medical device design. 
anno Torop received his PhD from University of Tartu in 2012. He has been de-
eloping smart electromechanical actuators in University of Tartu, Institute of Tech-
ology since 2006. He is currently a research scientist of Institute of Technology,
niversity of Tartu. In 2013 he joined as a postdoc researcher to Biosensors and Bio-
lectronics Centre in Linköping University, Sweden. His research interests are smart
lectromechanical polymeric actuators and energy conversion devices utilizing mi-
roporous carbons as active electrode material. 
rti Ahluwalia is Professor of Bioengineering at the Department of Ingegneria
ell’Informazione, University of Pisa, and aﬃliated with the Research Center “E.
iaggio”, where she is head of the IVM Group ( www.centropiaggio.unipi.it ). Prof
hluwalia is also an associate of the National Council of Research Institute of Clin-
cal Physiology (CNR-IFC), and head of the NanoBioscopy Lab. She has several pa-
ers published in international scientiﬁc journals (over 100) and is author of 13
atents on microfabrication, and on micro-fabricated multi-compartmental biore-
ctors. She is co-founder of two high-technology companies and 5 of her patents
ave been industrialized to date. She coordinated an EU-Asialink project on the de-
elopment of human resources in biomedical engineering in South East Asia. She
as pioneered Open Education in Biomedical Engineering in Africa and is a Scien-
iﬁc and Education Consultant for Biomedical Engineering for the United Nations
conomic Commission for Africa (UNECA). She was instrumental in setting up the
frican Biomedical Engineering Consortium (ABEC) and is the consortium’s Patron,
nd the coordinator of UBORA EU project. 
